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Device for detonation-impulse cleaning of inner surfaces of a reactor 
for high-pressure coal gasification 

Area of technology of the invention: 

The invention lies in the field of the processing industry and power engineering, especially the 
field of production of fuel gas based on high-pressure continuous gasification of coal, more 
exactly the field of application of shock waves for operational cleaning of the inner surfaces 
of gasification reactors. 

According to the International Patent Classification the invention corresponds to symbol 

Technical problem: 

The technical problem which is solved by this invention is defined as follows: in the process 
of coal gasification, especially the process of continuous high-pressure gasification of 
powdered coal, how to prevent buildup of deposits on the inner surface of the gasification 
reactor. How to accomplish periodic removal of the deposit located on the surfaces of the 
reactor by shock waves of controlled intensity, which will be generated by detonation 
combustion of suitable reagents in a special detonation pipe, with an initial excess pressure in 
the reagents, and situated outside of the reactor. How to enable a reliable control and selection 
of the intensity of the generated shock waves while at the same time observing the condition 
that the device based on this cleaning method will be effective, safe in operation, and cheap. 
How to provide a safe application of the detonation waves for removal of deposits under the 
conditions of the explosive and inflammable atmosphere in the reactor. 

The defined technical problem is solved by this invention of a device for detonation-impulse 
cleaning of inner surfaces of a reactor for high-pressure coal gasification. 
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Prior art: 

Modern, highly efficient methods of coal gasification entail a continuous, high-temperature 
gasification of powdered coal in reactors with considerable excess pressure. Those methods 
are at present in a phase of laboratory or semi-industrial operation (e.g. VEW-coal conversion 
process, Dortmund-Gummersbach; Installation for coal gasification - Energoinvest, Sarajevo). 
The walls of the reactors intended for that gasification have to be reliably cooled and for this 
they are usually covered on the inside with registers of economizer or evaporator tubes with 
an organized circulation of coolant agent. Coal particles which in the gasification process 
come into contact with the walls of the reactor are cooled and, in a certain number of cases, 
are retained on the walls, thus forming a deposit on the tube registers that considerably 
increases the thermal resistance. Removal of these deposits during the gasification process is 
not reliably solved at present. Experiments with pneumatic vibrators (VEW-Dortmund) have 
not given satisfactory results, while the use of shock waves for this purpose, generated by 
presently known methods, such as by air guns or by known variants of the detonation-impulse 
method, is not possible on account of the high pressure in the gaseous environment of the 
reactor, and also because the gaseous environment in the reactor is in fact gas, which is 
likewise prone to detonation combustion. Specifically, the intensity of the shock waves that 
are generated by air guns is not sufficient for emission in the high-pressure gaseous 
environment of the reactor (pressure above ten bars), while the presently known variants of 
the detonation-impulse methods of cleaning (Kazan University - USSR; VUZES, Brno - 
Czechoslovakia, Mechanical Engineering College, Sarajevo - Yugoslavia) involve the 
generation of shock waves in impulse-detonation chambers with initial pressure of the 
reagents slightly above atmospheric pressure and at the same time with the open end of the 
chamber bound directly to the object being cleaned-without any closure elements. Since a 
high pressure prevails in the gaseous environment of the reactor, that method cannot be used 
for cleaning a reactor. Another problem is to provide such a detonation-impulse method of 
cleaning which guarantees that no such quantity of oxidizers will get into the explosive 
environment of the reactor as might result in an explosion in the reactor. 

Description of the solution of the technical problem: 

The invention entitled "Device for detonation-impulse cleaning of the inner surfaces of a 
reactor for high-pressure coal gasification" is shown in the drawings, namely: 
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Fig. 1 - shows the basic solution of the invention, in which the initial pressure of the reagents 
in the detonation pipe is less than the pressure in the reactor and in which shock waves are 
generated on the basis of burning of fuel stored in an external source 

Fig. 2 -- shows variant I of the invention, designed so that the initial pressure of the reagents 
in the detonation pipe is equal to the pressure in the reactor, and so that gas from the reactor is 
used as fuel for generating the shock waves. 

In both of the solutions of this invention, shown in Fig. 1 and 2, the shortcomings mentioned 
in the prior art have been eliminated and a reliable removal of deposits from the coal 
gasification reactor is assured, in that, as claimed in Fig. 1, the outside of the pipe (26) of the 
reactor (25) is cleaned by shock waves which are generated in the detonation pipe (16) by 
forced burning of a mixture at a sufficient initial excess pressure, which is previously formed 
in the mixer (13), in such a way that a suitable flammable gas, suitably stored in the vessel 
(1), is let into a stable current of compressed air (line 9) by the opening of a magnetic valve 
(8), periodically, at appropriate pressure. During the time of filling with reagents, the 
detonation pipe (16) is separated from the gaseous environment of the reactor (25) by an 
impulse valve with pneumatic or hydraulic motor (22), which opens suddenly, shortly after 
the forced ignition of the mixture by the ignition source (17), admitting the already formed 
shock wave of particular intensity into the gaseous environment of the reactor, after which the 
valve (22) closes, also suddenly. After this, the magnetic valve (20) opens, thus allowing a 
continuous stream of air, which is taken into the detonation pipe (16) for a certain time 
through the mixture line (14), without mixing with the gas in the mixer (13) (the magnetic 
valve (8) is closed), while the products remaining after the detonation are removed from the 
detonation pipe (16) via the aerodynamic valve (19) with a vent (21). With this, the detonation 
pipe is in fact ready for another filling with mixture and for another detonation. By control 
fittings placed on the gas line (3) and the air line (9), and with the aid of flow meters (7) and 

(12) , a nearly stoichiometric, but fuel-enriched mixture is formed in the ejector type mixer 

(13) , which prevents the appearance of oxygen in the products after the detonation, while the 
inert exhaust which is partly emitted into the reactor from the shock wave after the opening of 
the impulse valve (22) cannot further enter into reaction with the gas in the reactor. Selecting 
an appropriate initial pressure of the reagents in the detonation pipe (16) which incidentally 
is still less than the pressure of the gaseous environment in the reactor (25) - ensures the 
generation of shock waves whose intensity is such that the emitting of the waves inside the 
reactor is assured. 
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Variant I of the invention, shown in Fig. 2, affords generation of shock waves by detonation 
combustion of a mixture of compressed air (line 9) and gas from the gasification reactor (25), 
after forced ignition of the mixture by an ignition source (17) in the detonation pipe (16), at 
whose open end, with an enlargement (32) connected to the reactor (25), there are no closure 
elements at all, while the initial pressure of the reagents in the pipe (16) is equal to the 
pressure of the gaseous environment in the reactor. According to Fig. 2, the mixture of 
reagents is formed directly in the detonation pipe, in that a certain quantity of air, compressed 
by the compressor (2), is admitted into the cooled reactor gas which is already in the pipe 
(16), via the return valve (15) and the perforated pipe (28), by the opening of the magnetic 
valve (27). After being formed, the mixture, which is also fuel-enriched, but nearly 
stoichiometric, is forcibly ignited and burns before its moving boundary surface reaches the 
heated wire (31), whose purpose is to prevent any possible inflow of explosive mixture from 
the detonation pipe (16) into the reactor (26), where high temperatures prevail and where said 
mixture would spontaneously ignite. Because of the high initial pressure of the reagents, very 
powerful shock waves are generated in the detonation pipe (16), and the purpose of the 
enlargement (32) at the open end of the detonation pipe is to enable an expansion, as well as a 
sufficient weakening of the so generated shock waves before they are emitted into the gas 
space of the reactor. For a new detonation, the detonation pipe is filled with reactor gas, 
owing to the pressure difference, via the open end (32), and the portion of products from the 
previous detonation remaining behind at the closed end of the detonation pipe (16) is vented, 
by opening of the magnetic valve (30), via the vent (29), at whose end is likewise placed a 
heated wire (34) for burning that quantity of reactor gas that may have been mixed with the 
products and gotten in through the vent. After closing of the magnetic valve (30), the 
detonation pipe (16) is again filled with air and the process repeats itself. The cooling system 
for the detonation pipe (33) is connected to the cooling system for the reactor (26), and at the 
same time it chills the generator gas in the detonation pipe below the temperature of self- 
ignition. In both variants of the invention, the process is automatically controlled from a 
command cabinet (24) by means of cables for command voltages (a) through (k). 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification-the basic solution of the invention (Fig. l)-consists of several suitably 
interconnected units. The fuel gas line consists of a suitable number of cylinders with stored 
gas (1), as well as a gas transport pipe (3), whose design includes an intervention-computing 
check valve (4), a reduction valve for manual adjustment of the pressure in the second part of 
the gas tract (5), a safety valve with spring (6), a flow metering throttle (7), and a magnetic 
valve (8). The compressed air line consists of the compressor (2) and air transport pipe (9), 
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whose design includes a manual intervention valve (10), a manual pressure reduction valve 

(11) and a flow metering throttle (12). The mixture of air and gas of corresponding 
(explosive) composition is formed in an ejector type mixer (13) by adjusting appropriate 
predetermined flow rates of gas and air. These flow rates are read off on flow meters (7) and 

(12) , and if necessary are corrected at the reduction valves (5) and (11). The mixture is 
formed such that gas is periodically admitted into a stable current of air by the opening of the 
magnetic valve (8). The mixture formed in this way is taken by the ready mixture line (14), 
across the return valve (15), to the detonation pipe (16), namely, its closed end, where is also 
situated an electrical source for forced ignition of the mixture (17). The quantity of mixture 
that is admitted into the detonation pipe prior to ignition depends on the time of holding the 
magnetic valve (8), in the gas line, in the open position, and in this way, and also by adjusting 
the reduction valves (5) and (11) used to regulate the pressure of the reagents in the pipe (16), 
in fact, to regulate the intensity of the shock waves generated. The detonation pipe (16) is a 
pipe of appropriate diameter with one closed end, and whose other end, across an impulse 
valve with pneumatic or hydraulic motor (without a firm connection to the structure of the 
reactor) is introduced into the interior of the gasification reactor (25). The system for cooling 
the open end of the detonation pipe (23) also cools the impulse valve (22), and is connected to 
the cooling system of the reactor (26). A turbulizer (e.g. a perforated diaphragm) (18) is 
placed inside the detonation pipe at a distance, calculated in relation to the closed end of this 
pipe, equal to five times the diameter of the flow cross section of the detonation pipe, and its 
task is to turbulize the flow of reagents and oncoming flame in the predetonation combustion 
and thereby facilitate a faster establishment of conditions for the detonation combustion of the 
remaining portion of reagents. Immediately after the ignition of the mixture by the source 
(17), the magnetic valve closes in the gas line (8), due to the pressure difference the return 
valve closes in the mixture line (15), and the impulse valve (22) opens and the shock wave is 
emitted into the reactor. After this, the impulse valve (22) closes, the pressure difference will 
open the return valve (15), through which, this time, only air will come into the detonation 
pipe, and it will flush the detonation pipe of remaining combustion products through the 
aerodynamic valve (19) and the vent (21), by the opening of the magnetic valve (20) for this 
purpose. For still some time after the closing of the magnetic valve (20), only air will be 
admitted into the detonation pipe in order to adjust the given excess pressure in the reagents 
prior to burning, and after this the detonation pipe will be filled with a certain quantity of 
explosive mixture at the closed end, by the opening of the magnetic valve (8), and the process 
will repeat itself The magnetic valves (8) and (20), the impulse valve (22) and the source for 
forced ignition of mixture (17) are automatically controlled, by means of cables for command 
voltage (b), (e), (f) and (d) from the command unit (24), in the design of which they are 
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placed in interlock by means of cables (a) and (c) for automatic shutoff of the system in the 
event of occurrence of mutually inconsistent flow rates of gas and air. 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification- variant I of the invention (Fig. 2)-consists of the compressed air line (9), 
whose design includes the compressor (2), the intervention-computing check valve (10), the 
reduction valve for manual regulation of the pressure (11), the magnetic valve (27), the flow 
metering throttle (12), the return valve (15) and the perforated pipe (28), which is placed with 
its perforated part in the detonation pipe (16) with turbulizer (18) and source for forced 
ignition of the mixture (17) located at the closed end of the detonation pipe. The explosive 
mixture of reagents— reactor gas and air— is formed in such a way that a certain quantity of air 
is admitted into the reactor gas, cooled by the cooling system (33), which gas, through the 
open end without closure elements, fills the detonation pipe (16) to a pressure equal to the 
working pressure of the gaseous environment in the reactor, by the opening of the magnetic 
valve (27), such that this quantity of air, by means of the perforated pipe (28), is uniformly 
distributed in a certain volume of the detonation pipe, situated at its closed end. After reaching 
an explosive concentration of the mixture, which is checked by the intensity (flow meter 12) 
and dwell time of the air flow (the time during which the magnetic valve 27 is held in the 
open position), the magnetic valve (27) closes, and the mixture is lit by the ignition source 
(17). Since the shock wave developed in this way is rather weak in the appropriate 
enlargement (32), a shock wave of appropriate intensity is emitted into the gas space of the 
reactor (25), after which the detonation pipe is filled by a new quantity of reactor gas through 
its open end. After this, any combustion products which might be remaining at the closed end 
of the detonation pipe are released into the atmosphere, by the opening of the magnetic valve 
(30), through the vent (29), at the end of which is placed a heated wire (34) in order to bum 
off any escaping quantities of reactor gas. After the closing of the magnetic valve (30), as a 
result of a new quantity of air being admitted into the detonation pipe, an appropriate quantity 
of explosive mixture is again formed and burned, and the process continues. The purpose of 
the heated wire (31), placed in front of the open end of the detonation pipe, is to prevent any 
explosive mixture from getting inside the reactor, where said mixture would bum 
spontaneously, because of the high temperature. The process is automatically controlled by 
the command unit (24) and cables for command voltages (a), (d), (h), (i), (j) and (k). 
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Patent claims: 

1. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, characterized in that the pipe for ready mixture of reagents (14) with a 
return valve (15) is led into the detonation pipe (16) upstream from a turbulizer (18), in 
that the detonation pipe (16) is separated from the reactor gas space (25) by an impulse 
valve with pneumatic or hydraulic motor (22), in that there is placed on the detonation 
pipe (16), upstream from the impulse valve (22), an aerodynamic valve (19) with vent 
(20) and magnetic valve (20), and in that at the open end of the detonation pipe (16) and 
impulse valve (22) there is placed a cooling system (23), which is connected to the 
cooling system for the walls of the reactor (26). 

2. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in claim 1, characterized in that the pipe for ready mixture of 
reagents (14) is connected to an ejector type mixer (13), to which are connected at the 
other side a gas line (3) with cylinders of compressed gas (1) and an air line (9) from the 
compressor (2), in that on the gas line (3) and air line (9) are placed manual check valves 
(4) and (10), and then manual reduction valves (5) and (1 1) and flow meters (7) and (12), 
in that the gas line (3) also contains a safety valve (6) and magnetic valve (8), in that the 
magnetic valves (8) and (20), the impulse valve (22) and the source of ignition (17) are 
connected by command voltage cables (b), (e), (f) and (d) to a command cabinet (24), and 
in that the command cabinet (24) is connected by signal cables (a) and (c) to the flow 
meters (7) and (12). 

3. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in variant I, characterized in that the air line (9), across a 
return valve (15) and a perforated pipe (28), is directly introduced into the detonation pipe 
(16) with turbulizer (18) and source of forced ignition (17), in that the detonation pipe 
(16) by its open end, across an enlargement (32) is directly introduced into the gas space 
of the reactor (25) without closure elements, in that the outer wall for the entire length of 
the detonation pipe (16) is covered by a cooling system (33), which is connected to the 
cooling system of the reactor (26), in that a heated wire (31) is placed at the open end of 
the detonation pipe (16), and in that at the closed end of the detonation pipe (16) is placed 
a vent (29) with magnetic valve (30) and heated wire (34). 

4. Device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification, as claimed in claim 3, characterized in that the design of the air line (9) 
includes, downstream from the high-pressure compressor (2), a magnetic valve (27), in 
that the magnetic valves (27) and (30), as well as the source of forced ignition (17), are 
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connected by command voltage cables (d), (h) and (i) to a command cabinet (24), and in 
that the command cabinet (24) is connected by multiple-core cables (j) and (k) to the 
heated wires (31) and (34), and by the signal cable (a) to the flow meter (12). 
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Summary of the essence of the invention: 

The invention refers to a device for detonation-impulse cleaning of inner surfaces of a reactor 
for high-pressure coal gasification, for which, besides a basic solution, one variant solution of 
the device is also given. 

The basic solution of the invention involves the removal of deposits from inner surfaces of a 
reactor (26) by shock waves which are generated in a detonation pipe (16), situated outside of 
the reactor, by a detonation combustion of a previously prepared mixture, prepared in a 
particular way, of reagents-air and a suitable gaseous fuel. Via the mixer (13), the reagents 
are introduced into the detonation pipe (16) and compressed to a suitable initial pressure-less 
than the pressure in the gaseous environment of the reactor. The detonation pipe is 
automatically separated from the gaseous environment of the reactor by a controlled impulse 
valve with pneumatic or hydraulic motor (22), which opens suddenly after the ignition of the 
mixture in the detonation pipe, admitting the shock wave into the reactor, and then it closes 
suddenly. 

The variant solution of the device is based on the generating of shock waves by forced 
ignition of a mixture of generator gas and compressed air at an initial pressure equal to the 
pressure in the gaseous environment of the reactor (26). At the open end of the detonation 
pipe (16) there are no closure elements, but instead a widening (32) ensures a sufficient 
weakening of the waves before they are emitted into the reactor. 
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Proposal for best method of economical use of the invention: 

The device for detonation-impulse cleaning of inner surfaces of a reactor for high-pressure 
coal gasification gives best results in relation to loose deposits, and therefore it needs to be 
used on a preventive basis, during operation of the reactor, and consequently quite often (e.g. 
3 to 6 times in the course of 24 hours). Long interruption in cleaning may lead to hardening of 
the deposits on the walls of the reactor, making it more difficult to remove them. One 
cleaning with this device entails generating a series of 10-15 shock waves. If required, one 
can also place several detonation pipes on a reactor with centralized preparation of the 
explosive mixture. 

The detonation pipes need to have a diameter of 150-200 mm and a length of 10-15 m, and 
one end needs to be closed. By its other, open end, the detonation pipe is introduced into the 
gas space of the reactor in a suitable place-usually in the region of lower temperatures. It is 
necessary to allow for dilatation of the open end of the detonation pipe, in relation to the wall 
of the reactor. For pressure of the gaseous environment of the reactor from 25 bar onward and 
introduction of external fuel for generating the wave, it is recommended that the initial 
pressure of the reagents in the detonation pipe be 4-5 bar. To generate one shock 
wave, one requires 0.4-0.7 Nm 3 of mixed reagents, in a given ratio 
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